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COMPLETE SPECIFICATION 
Inductive ^angular position transmitter 



We, Merckle Flugzeugwerke Gesell- 

SCHAFT MIT BESCHRANKTER HAFTUNG, of 

7101 Oedheim, Wurttemberg, Western Ger- 
many, a German Body Corporate, do hereby 

5 declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be parti- 
cularly described in and by the following 
statement : — 

10 The present invention relates to an inductive 
angular position transmitter for transmitting 
from a -remote location an electrical indication 
of angular positions, for example, for pur- 
poses of regulation and control. 

15 Inductive angular .position transmitters are 
known in the art in -which a change in induc- 
tance in one or several, coils is brought about 
by the rotary movement of a ferromagnetic 
part connected to an axle or other apparatus 

20 whose angular position is to be measured. 
By electrically measuring the change in induc- 
tance it is possible to ascertain by remote 
metering the desired angular position. Other 
known techniques involve correspondingly 

25 switching, :for example, two inductances which 
are rotated in apposite directions by a rotary 
movement, into circuit relationship with an 
inductive half -bridge supplied with an altern- 
ating voltage. With such an arrangement it is 

30 possible to .directly pick up -an electric voltage 
whose amplitude and phase position serves as 
indication of .the angular position with -.respect 
to one reference phase. This arrangement has 
the disadvantage, for some applications and 

35 uses, particularly in automatic control systems, 
that in case of an error (for example breakage 
of the wire in one coil) an extreme signal may 
occur. 

Also known in the art are inductive angle 
40 transmitters which operate in accordance with 
the transformer principle and wherein, for ex- 
ample, the primary winding of the transformer 
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is provided as a stator winding and the 
secondary winding is provided as a rotor 
winding. .If the rotor is rotated with respect 
to the stator, the alternating voltage induced 
in the rotor is altered in amplitude and/or 
phase. This voltage may serve as indication 
for the measurement of angular position. How- 
ever 3 this approach involves the disadvantage 
that as a result of greater torsion angles, the 
connection to the rotor must be effected by 
way of slip rings or similar structural elements 
which are susceptible to wear and tear. 

Another known inductive angular position 
transmitter which operates according to the 
transformer principle employs several primary 
windings and the secondary windings are dis- 
posed in the stator and are rigidly provided 
with respect to each other. The rotor is pro- 
vided with a multiphase short-circuit winding 
connected by way of a cross connection. The 
transmission of energy from the primary wind- 
ings .to the -secondary windings takes place 
therein by means of the cross connected rotor 
windings. In this inductive angle transmitter, 
a constant output voltage is produced in the 
secondary winding whose phase position 
changes with respect to the stator as com- 
pared to a reference phase position during the 
torsion of the rotor, thus providing an indica- 
tion for the torsion angle. 

In order to overcome the difficulties en- 
countered with the prior art angular position 
transmitters mentioned above, the present in- 
vention was devised. 

The present invention makes available an 
improved inductive angular position trans- 
mitter having a novel mode of operation. In 
the angular position transmitter of the inven- 
tion, primary and secondary coils are provided 
which are stationary with respect to each other 
and the transmitter is characterized in that an 
asymmetrical eddy-current element is provided. 
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This asymmetrical eddy current element pre- 
ferably is in the form of a slotted tube, made 
from non-magnetizable, electrically conductive 
material in a manner known per se, and rota- 

5 tably disposed in a manner surrounding the 
primary and secondary windings such that a 
distortion of the magnetic field produced by 
the primary winding will be brought about 
due to the asymmetrical character of the ele- 

10 ment. This distortion is dependent upon the 
angular position between the windings and 
the asymmetrical eddy-current element, where- 
by it is possible to induce in the secondary 
winding a voltage that is dependent upon the 

15 angular position of the eddy current element, 
and whose amplitude and phase sense as com- 
pared to a reference phase, is an indication 
of the angular position of the eddy current 
element. 

20 As a consequence of the above described 
arrangement, the diameter of the inductive 
angular .position transmitter as proposed by 
the invention may be considerably reduced as 
compared to the known constructions of in- 

25 ductive angular position transmitters. This 
results in the advantage that an angular posi- 
tion transmitter of this type may be installed, 
for example, directly into a hollow axle of a 
machine. Due to its particularly uncomplicated 

*v construction it provides good operational 
characteristics such as reliability of operation, 
performance, safety, etc and low manufactur- 
ing costs. A further advantage consists in that 
electric connections are present only in a 

& stationary part of the transmitter, so that slip 
rings or similar contact elements are not 
required even with torsion angles over and 
beyond 360°. In case of an error in the angular 
position transmitter (for example, breaking of 

*u a wire or winding connection to a coil) the 
output voltage becomes zero. This fail "safe 
property is particularly advantageous when em- 
ploying the angular position transmitter in 
controls or automatic control systems as com- 
45 pared to those known transmitters in which 
the maximum output voltage is present in 
case of a disturbance, break, etc. 

One possible embodiment of an inductive 
angular position transmitter according to the 
50 present invention is illustrated in the drawine, 
wherein 

Figure 1 A, shows the construction of the 
stationary primary and secondary coils 1 and 
2 and Fig. 1 B, the construction of the un- 
symmetrical eddy-current element; 

Figure 2 A is an end view of the assembled 
angular position transmitter, and Fig. 2 B is 
a plot of the output voltage versus rotation 
angle. 

60 Figure 1 A illustrates two coils (1) and (2) 
whose planes extend at an angle of 90° with 
respect to each other. As a result, in the ab- 
sence of the tube 3 shown in Fig. 1 B during 
the supply of the coil (1) with an alternating 

05 voltage, the coil (2) would be intersected by 



the magnetic lines of force at an angle of 90° 
with respect to the magnetic field direction 
thereof, and no voltage would be induced in 
the coil (2). The coils may be constructed 
either in a self-supporting (cantilever) fashion, 70 
or may be wound on an angle element made 
from non-conductive and non-maenetizable 
material. 

Figure 1 B shows a cylindrical rotor tube 
3 fabricated from electrically conducting and 75 
non-magnetizable material (for example alum- 
inum) and slotted at 4 in the longitudinal 
direction thereof. 

If the coils (1) and (2) shown in Fig. 1 A 
are positioned within tube 3 in the manner 80 
illustrated in Figure 2 A, the magnetic field 
produced by the coil (1) is markedly distorted 
in the geometric configuration thereof due to 
the influence of the eddy currents arising in 
the wall of the tubular pan 3. On the side 85 
where the tube: is provided with an elongated 
slot, 4, smaller eddy currents will be formed 
than is the case on the opposite side. As a 
result thereof, an asymmetrical distortion will 
be produced. This distortion may be achieved 90 
also by a different asymmetrical configuration 
of the eddy current body or element 3. 

If tube 3 is rotated with respect to coils 
(1) and (2), the position of the distorted mag- 
netic field will change. As a result, an effect 95 
is brought about which is similar to that which 
would arise if the coil (1) were rotated in the 
position thereof relative to coil (2). In other 
words, a voltage is induced in the coil (2) 
which is dependent upon the angular position 100 
of the tube 3 and more particularly, upon 
the angular position of the slot 4 in tube 3 
The voltage induced in the coil (2) becomes 
zero when the elongated slot in tube 3 is 
provided in the angular positions 0°, 90°, 105 
180°, and 270° (see Figure 2 B). The voltage 
in coil (2) becomes a maximum when the 
elongated slot is positioned in the angular 
positions 45°, 135°, 225° and 315°. 

The output voltage from coil (2) can be 110 
obtained from the following equation- 
V A =kV, sin(2«) 

wherein 

V E is the alternating supply voltage for the 

coil (1) U5 

V A is the alternating output voltage in the 
coil (2) 

k is the coupling factor between the coils 
(1) and (2) 

« is the torsion angle between part A and 120 
part B. 

A negative sign of V A connotes that the 
output voltage is in phase opposite (or in- 
versely phase— 180°) as compared to the 
input voltage. On the basis of the equation 125 
given above, the inductive angular position 
transmitter as described herein produces, within 
the range of small torsion angles, an output 
voltage which is approximately proportional 
to the torsion angle. By the provision of, for 130 
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example, several slots in tube 3 or a different 
configuration of tube 3, the output voltage 
developed as function of the torsion angle 
may be varied. 

5 WHAT WE CLAIM IS: — 

1. An inductive angular position transmitter 
comprising stationary, inductively coupled 
primary and secondary windings positioned at 
right angles with respect to each other, means 

10 for applying a supply alternating voltage to 
the primary winding, an asymmetrical eddy 
current element fabricated from non-magnetiz- 
able and electrically conducting material sur- 
rounding said primary and secondary windings 

15 and rotatable with respect thereto in a manner 
such that a distortion of the magnetic field 
produced by the primary winding, is brought 
about by the asymmetrical eddy current ele- 
ment which distortion is dependent upon the 

20 angular position between the windings and 
the asymmetrical eddy-current element, and a 
voltage is induced in the secondary winding 
which depends upon the angular position of 
the asymmetrical eddy current element whose 

25 amplitude and phase sense as compared to 
the supply alternating voltage is an indication 
of the angular position. 

2. An inductive angular position transmitter 
according to claim 1 wherein the asymmetrical 

30 eddy current element is a slotted, cylindrically- 
shaped tube. 

3. An inductive angular position transmitter 
according to claim 2 wherein the slotted tube 
is fabricated from aluminum and the slot ex- 

35 tends longitudinally in a straight line along 
the full length of the tube. 

4. An inductive angular position transmitter 
according to claim 1, wherein the design of 



the asymmetrical eddy current element is such 
that, due to its configuration and choice of 40 
material, the asymmetry of the eddy currents 
is so developed that the output voltage derived 
in the secondary winding in dependence upon 
the torsion angle of the asymmetrical eddy 
current element is adapted to a chosen function. 45 

5. An inductive angular position transmitter 
according to claim 4 wherein the chosen func- 
tion is expressed by the relation 

V A =KV B Sin (2«) 
where 50 

V A is the alternating output voltage in the 
secondary winding 

V B is the supply alternating voltage 

K is the coupling factor between the 
primary and secondary windings; and 55 

a is the torsion angle between the asym- 
metrical eddy current element and the 
windings. 

6. An inductive angular position transmitter 
according to claim 5 wherein the asymmetrical 60 
eddy current element is a slotted, cylindrically- 
shaped tube. 

7. An inductive angular position transmitter 
according to claim 6 wherein the slotted tube 

is fabricated from aluminum and the slot ex- 65 
tends longitudinally in a straight line along 
the full length of the tube. 

8. An inductive angular position transmitter 
substantially as shown and described with 
reference to the accompanying drawings. 70 

BUGNION & CO., 
Chartered Patent Agents, 

12/13, Nicholas Lane, 
London, E.C.4. 
Agents for the Applicant. 
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